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Abstract
We study the collider, astrophysical and cosmological constraints on the dark matter
sector of a conformal model. The model has a dark sector with strong self interactions. This
sector couples weakly with the Standard Model (SM) particles via a scalar messenger. The
lightest dark sector particle is a pion-like fermion anti-fermion bound state. We find that
the model successfully satisfies the constraints coming from the Higgs decay to the visible
as well as the invisible sector. The dark matter relic density is explained by the freeze-out
mechanism. We have used the results of the dark matter direct detection experiments, such
as, XENON1T in order to impose bounds on the parameters of the model. The model also
satisfies the indirect detection constraints of gamma ray from the galactic center and Dwarf
spheroidal galaxies.
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1 Introduction
The presence of non-baryonic dark matter (DM) in the Universe is very well established by
cosmological and astrophysical observations. The Planck and WMAP data suggests that dark
matter density ΩXh
2 = 0.1187±0.0017 [1]. Currently there are many ground and satellite based
experiments looking for direct evidence of dark matter. The direct detection experiments of dark
matter people consider the DM elastic scattering with the detector nucleons. No evidence of DM
detection is obseved till date and there exist rather stringent upper limits on the cross section
of dark matter with nucleons from LUX [2, 3], PandaX-II [4, 5], XENON1T [6], SuperCDMS
[7] and CRESST-II [8]. Indirect detection of DM comes through its decay or annihilation at the
center of galaxies. Despite several tentative claims of detection, such as, the 1-3 GeV gamma ray
excess emission from the Galactic center by Fermi-LAT collaboration [9], so far there does not
exist conclusive evidence for a dark matter candidate [10]. Apart from that DM may annihilate
or decay into monoenergetic γ−rays. Search for monoenergetic spectral lines in the Fermi Large
Area Telescope (Fermi-LAT) observations produced null results for the DM in the range of 200
MeV - 500 GeV. The non-observation of such a spectral line puts an upper bound (95%CL) on
the annihilation cross section and decay widths of DM candidates [11]. Joint analysis of MAGIC
Cherenkov telescopes and Fermi-LAT [12] on gamma ray data from Dwarf spheroidal galaxies
(dSphs) also imposes an upper bound on DM annihilation cross-section in the mass range of 10
GeV to 100 TeV.
In this paper we consider a conformal model discussed earlier [13, 14, 15, 16, 17]. This model
has self interacting dark matter sector which is assumed to have a QCD like dynamics. The
action has conformal symmetry and the dark sector communicates with the electroweak sector
through a real scalar field χ. The dynamical symmetry breaking of the dark matter sector leads
to a vacuum expectation value (VEV) of χ which in turn induces the electroweak symmetry
breaking. In order to handle the strong interaction dynamics, we consider an effective action
expressed in terms of dark sector pions Πi, nucleons and scalar fields Σ and χ. The dark pion
acts as the dark matter candidate. The scalar field χ acts as the messenger field through which
the dark pions interact with the Standard Model (SM) sector and Σ is the bound state scalar.
The three scalar fields, Φ, χ and Σ mix with one another. Here Φ is the Standard Model
scalar field which would be equivalent to the Higgs in the absence of mixing with dark sector
scalars. After diagonalizing their mass matrix we obtain three physical scalars, χ1, χ2 and χ3.
We identify χ1 as the SM Higgs and χ2 is a massive particle with its mass proportional to the
symmetry breaking scale of dark sector. The χ3 particle is classically massless but may acquire
a mass in quantum theory due to conformal anomaly. We discuss this in more detail below. The
dark sector particles χ2 and χ3 decay to the SM sector or to the dark pions within the lifespan
of the Universe. For simplicity here we assume that there exists only a single generation of dark
fermions. In this case we only have one dark pion which acts as a dark matter candidate.
The paper is organized as follows : In section 2, we review the conformal model and identify
the different particle states predicted by this model. In section 3 we determine the relic density
of dark pions in the freeze-out scenario and also impose the collider, direct and indirect DM
detection constraints on the conformal model. In section 4 we show the final allowed space
taking all the constraints into account. Finally we conclude in section 5.
2
2 Review of the Conformal Model
The conformal model introduced in [13, 14, 15] has a strongly coupled dark matter sector similar
to QCD. The action for the dark sector can be written as
SD =
∫
d4x
[
−1
4
GaµνG
aµν + iξ¯iγµDµξ
i − gχY ξ¯iχξi
]
, (1)
where Gaµν is the field strength tensor of the dark sector strong interaction mediator, ξ
i rep-
resent fermion fields and χ is a real scalar field. We refer to this strongly coupled sector as
hypercolor and call the quarks and gluons in this sector as hyperquarks and hypergluons. In our
phenomenological study we consider only one multiplet of hypercolor fermions but in general
there can be several multiplets. The hyperquarks and hypergluons will form bound state dark
pions and nucleons. The dark pions may act as dark matter candidates. As we shall see they
are able to satisfy all astrophysical and cosmological constraints.
The dark sector couples to the SM particles by the coupling of χ to the Higgs sector. The
action for the scalar sector of the model can be written as
SS =
∫
d4x
[
1
2
gµν∂µχ∂νχ+ g
µν(DµH)†(DνH)− λ1
4
(
2H†H− λ2χ2
)2 − λ
4
χ4
]
(2)
whereH is the Higgs multiplet and Dµ is the SM gauge covariant derivative. The Higgs multiplet
can be decomposed as,
H = 1√
2
(
φ1 + iφ2
φ3 + iφ4
)
. (3)
The action has conformal symmetry and we include all terms in the scalar potential which are
invariant under this symmetry. In analogy with QCD the hyperquarks form condensates which
can be expressed as
〈ξξ〉 = −Λ3S (4)
where ΛS is the scale of the strong dark sector. Once the condensate is generated we can
substitute it in the dark sector Yukawa terms in the Lagrangian and minimize the potential over
the scalar fields φ3 and χ. This generates non-zero values for the VEV of these fields and triggers
electroweak symmetry breaking. We denote the VEV of φ3 and χ as vEW and η respectively.
Here vEW is the electroweak symmetry breaking scale.
The model is interesting since it leads to a self interacting dark matter candidate which is
preferred by cosmological observations [18, 19, 20, 21, 22, 23, 24]. The astrophysical implications
of this conformal model have been studied earlier in [25]. It has also been argued that due to
conformal symmetry this model does not suffer from the fine tuning problem of the cosmological
constant [16, 17]. This demonstration requires use of a dynamical regulator which preserves
conformal symmetry in the full quantum theory. We will not follow this procedure in the present
paper and simply make the standard assumption that conformal symmetry is anomalous. Due to
this symmetry we expect that classically the mass of one of the scalar particles is zero. However
we expect this particle to acquire mass in the full quantum theory due to scale anomaly [26].
We include this scale breaking by adding a term in the effective action [27].
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The dark pions and nucleons are potential dark matter candidates. We use an effective linear
sigma model in order to handle these bound state fields. The resulting dark sector effective action
can be written as,
LΣ = Ψ¯iγµ∂µΨ + 1
2
∂µΣ∂µΣ +
1
2
∂µΠ∂µΠ− gΨΨ¯(Σ + iΠγ5)Ψ− λ5
4
(
Σ2 + Π2 − λ6χ2
)2
. (5)
where Π, Ψ and Σ denote the dark sector pions, nucleons and the scalar fields respectively. So
far the model has chiral symmetry which is not a symmetry of the hypercolor interactions due
to the presence of the Yukawa terms. We break this symmetry by adding the following term,
LΠ = −λ7
2
Π2χ2 , (6)
With the addition of this term the dark sector pions acquire mass. We next need to minimize the
scalar potential given in Eqs. 2 and 5. Within the classical framework a non-trivial minimum is
obtained only if we set λ = 0 [16]. However, as discussed earlier, the scale invariance is broken
due to quantum effects. We include the contribution due to scale anomaly by modifying the
potential term for χ such that [27],
λ
4
χ4 → λ
4
χ4 log
(
χ2
Λ2
)
(7)
where Λ is a dimensional parameter related to the strong interaction scale ΛS . With this
modification the potential acquires a non-trivial minimum with non-zero vacuum expectation
values for the fields Σ and χ. The parameter λ will be assumed to be small and the scale
anomaly terms will also lead to a small mass term for dilaton which would be massless in the
limit of exact scale invariance.
The minimum of the dark sector potential occurs at
Σ2 + Π2 = λ6η
2 (8)
with
〈χ〉 = η = Λ/ exp(1/4), 〈φ3〉 = vEW , 〈Σ〉 = vD, 〈Π〉 = 0 (9)
where vD =
√
λ6η. We expand the fields φ3, χ, Σ and Π around their VEV,
φ3 = vEW + φˆ, χ = η + χˆ, Σ = vD + σ, Π = pi. (10)
From the scalar potential, (2), and dark sector potential, (5), we obtain mixing between the
fields φˆ, σ and χˆ, having the following squared mass matrix,
M2 =
 2λ1λ2 0 −2λ1λ
3/2
2
0 2λ5λ6 −2λ5λ3/26
−2λ1λ3/22 −2λ5λ3/26 2(λ1λ22 + λ5λ26) + m
2
η2
 η2 (11)
where m2 = 2λη2 is the mass term generated by the contributions due to scale anomaly. The
eigenvalues of this mass matrix gives us three physical scalar particles, which we denote as χ1, χ2
4
and χ3. We identify χ1 as the 125 GeV Higgs Boson. The mass matrix can be diagonalized by
an orthogonal matrix R with three Euler angles (α1, α2, α3)
R(α1, α2, α3) =
 cα1cα2 −sα1cα2 sα2−cα1sα2sα3 + sα1cα3 cα1cα3 + sα1sα2sα3 cα2sα3
−cα1sα2cα3 − sα1sα3 −cα1sα3 + sα1sα2cα3 cα2cα3
 (12)
and the mass eigenstates are obtained such that φσ
χ
 = R
 χ1χ2
χ3
 (13)
The parameters of the model (λ1, λ2, λ5, λ6, λ7,m
2), written in terms of the physical masses,
Euler angles (or the mixing angles) and the VEVs are
λ1 =
(M2χ1R
2
11 +M
2
χ2R
2
12 +M
2
χ3R
2
13)
3
2η2(M2χ1R11R31 +M
2
χ2R12R32 +M
2
χ3R13R33)
2
λ2 =
(M2χ1R11R31 +M
2
χ2R12R32 +M
2
χ3R13R33)
2
(M2χ1R
2
11 +M
2
χ2R
2
12 +M
2
χ3R
2
13)
2
λ5 =
(M2χ1R
2
21 +M
2
χ2R
2
22 +M
2
χ3R
2
23)
3
2η2(M2χ1R21R31 +M
2
χ2R22R32 +M
2
χ3R23R33)
2
λ6 =
(M2χ1R21R31 +M
2
χ2R22R32 +M
2
χ3R23R33)
2
(M2χ1R
2
21 +M
2
χ2R
2
22 +M
2
χ3R
2
23)
2
λ7 =
M2pi
η2
m2 = M2χ1R
2
31 +M
2
χ2R
2
32 +M
2
χ3R
2
33
−(M2χ1R211 +M2χ2R212 +M2χ3R213)λ2
−(M2χ1R221 +M2χ2R222 +M2χ3R223)λ6 (14)
The VEVs are related by the equations
v2D = λ6η
2 and v2EW = λ2η
2 (15)
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The mass of the physical scalars (χ1, χ2, χ3) are related by the relation
M2χ1R11R21 +M
2
χ2R12R22 +M
2
χ3R13R23 = 0 (16)
The independent parameters of the model are α1, α2, α3,Mχ1 ,Mχ2 ,Mpi and vEW and we set
Mχ1 and vEW to be 125 GeV and 246 GeV respectively. We take χ1 to be the lightest observed
Higgs and assume χ2 and χ3 heavier than χ1. Due to scale anomaly χ3 acquires a mass which
we assume to be small compared to vD. The Feynman rules and relevant parameters in the
model are implemented with FeynRules [28].
3 Phenomenology
In this section, we discuss the phenomenological implications of our model. We investigate the
constraints from the Higgs sector such as the branching fraction of the Higgs to the visible sector
and the upper bound on the Higgs decay to the invisible sector. For the DM phenomenology we
consider the relic density calculation in our model. We also explore the SI scattering cross-section
of pions with the nucleons and the γ-ray constraints termed as direct and indirect detection of
DM respectively. For simplicity we considered the mixing angles in the region [0, pi2 ]. For the
dark pion mass we consider Mpi ∈ [50 − 400] GeV and, as we shall see, a considerable range
of allowed parameter space lies somewhat close to the resonance of χ1, χ2 and χ3. From the
perspective of phenomenology the dark sector neutral scalars χ2 and χ3 share the same Higgs
like properties with mass greater than 125 GeV. Due to the presence of additional two Higgs
like scalar, the analysis of our model has some similarities with Higgs portal DM [29, 30, 31].
3.1 Collider constraints
The deviations from the SM can be implemented by introducing the coupling modifiers (κ′s),
gχ1ff¯ = κfg
SM
hff¯ and gχ1V V = κV g
SM
hV V , (17)
such that κf = 1 and κV = 1 in SM. Here g
SM
hff¯
and gSMhV V represent the SM Higgs couplings
to fermions and vector bosons respectively and gχ1ff¯ and gχ1V V represent the corresponding
couplings in our model. The coupling modifiers are given by κf = κV = cosα1 cosα2. The 2σ
constraints on these parameters from the Higgs coupling measurements are as follows [32, 33]:
1.22 > κV > 0.87, 1.26 > κt > 0.81, 1.45 > κb > 0.55, 1.6 > κτ > 0.70 . (18)
The allowed region in the α1−α2 plane is a radius of approximately 0.5 rad. However the above
bounds keep the parameter α3 unconstrained, we allow α3 in the range ∈ [0, pi2 ]. The invisible
decay of Higgs opens up when Mpi goes below Mχ1/2, we can express this branching fraction as
Brinv =
Γχ1→pipi
Γχ1→pipi +R211ΓSM
(19)
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where ΓSM = 4.07 MeV, is the SM Higgs decay width. The observed upper limit on Higgs
invisible branching fraction is 0.24 [34]. The decay width of χ1 to dark pions is given by
Γχ1→pipi =
g2χ1pipi
32Mχ1pi
√
1− 4M
2
pi
M2χ1
(20)
3.2 Relic density calculation
In this section we calculate the relic density of dark pions within the framework of freeze out
scenario. As explained earlier, the dark sector of our model contains dark pions and scalar
particles (χ2 and χ3). The scalar particles have masses of the order of the dark strong interaction
scale with Mχ2 > Mχ3 . These decay into dark pions early in the Universe, leaving pions as the
only DM candidate. The total decay width of χ2 and χ3 as a function their masses is computed
using HDECAY [35] and CalcHEP [36] and plotted in Fig. 1. We require that the lifetime of
χ2 and χ3 be smaller than the lifetime of the Universe (H
−1
0 ), i.e. Γχ2 and Γχ3 be greater than
H0, which is satisfied in this case, as shown in Fig. 1 . We solve the Boltzmann equation to find
the freeze out temperature and the comoving number density of dark pions. The Boltzmann
equation [37, 38] for comoving number density of dark pions can be written as
dY
dx
= −
(45 G
pi
)−1/2 g1/2? Mpi
x2
〈σv〉(Y 2 − Y 2eq) (21)
where Y = npis , x =
Mpi
T , s is the entropy density and g? is the number of degrees of freedom.
This is given by
g
1/2
? =
hs(T )
gρ(T )1/2
(
1 +
1
3
T
hs(T )
dhs(T )
dT
)
(22)
where gs(T ) and gρ(T ) are the effective degrees of freedom related to entropy and energy density
respectively. Thermal average cross section 〈σv〉 is given by
〈σv〉 = 1
8M4piTK
2
2 (x)
∫ ∞
4M2pi
ds σ(s− 4M2pi)
√
s K1
(√
s
T
)
(23)
where K1 is the Bessel function. Integrating Eq. (21) from x = 0 to
Mpi
T0
, where T0 = 2.72K is
the temperature of the cosmic microwave background radiation, we get the current value of Y ,
i.e. Y0, and hence the relic density. The present relic density is given by
Ωpih
2 = 2.755× 108
(
Mpi
GeV
)
Y0 (24)
We use the MicrOMEGAs package [39] to calculate the relic density of dark pion. Here
pi pi → χ1,2,3 → SM SM processes contribute to the total thermally averaged cross section. The
value of this cross section at the decoupling temperature detemines the relic density of the dark
pion and the s-channel processes involved in the cross section might encounter poles. We find
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that the process pi pi → χ1,2,3 → SM SM also gets resonant contributions when the mass Mpi is
close to half the mass of the scalars (χ1, χ2 and χ3). As a result of the resonance there is a peak
in 〈σv〉 characterized by the parameter  = Γres/Mres, where Mres is the mass of the resonance
particle χ1, χ2 and χ3. This leads to an enhancement in comparison to the non resonant cross
section1. Enhancement of annihilation cross section at resonance has been discussed in great
details in Refs. [40, 41, 42, 43]. The enhancement of the cross section at resonance leads to a
sudden drop of relic density.
200 300 400 500 600 700 800
10 - 5
10 - 3
0.1
10
M χ 2 [GeV ]
Γ(χ 2
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V
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(a)
140 160 180 200 220 240
10 - 4
10 - 3
10 - 2
M χ 3 [GeV ]
Γ(χ 3
)[Ge
V
]
(b)
Figure 1: The decay width of χ2 and χ3 for α1 = 0.01 radians, α2 = 0.1 radians, α3 = 1.0
radians and dark pion mass of 200 GeV. The decay width is sufficiently large compared to H0.
3.3 Direct Detection and Indirect Detection Constraints
Direct detection experiments impose strong limits on the interaction of dark matter particles
with nucleons. In these experiments dark matter particles are scattered elastically with the
nucleons present in the detectors and the recoil energy is detected. Experiments can be sensitive
to both nuclear spin-independent (SI) interactions and spin-dependent (SD) interactions but
current experiments are more sensitive to SI interactions. The results obtained from LUX [2, 3]
and PandaX-II [4, 5] put upper bounds on SI scattering cross-section. Latest result obtained
from XENON1T experiment being more restrictive excludes a large parameter space in many
DM models as the upper limit on the SI cross-sections gets pushed to an order of 10−47 cm2
for DM mass of around 50 GeV at 90% confidence limit[6]. These results impose a very strong
constraint, particularly close to the Higgs resonance (Mpi ∼ 60 GeV).
1The most common approach of Taylor epansion of 〈σv〉 = a+ bv2 and then the substitution of v2 = 6/x does
not hold at resonance as shown in Ref.[40]. The numerical result of 〈σv〉 differs sharply from the approximate
result obtained from Taylor epansion and the disagreement is sharper for smaller .
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The expression for SI elastic scattering cross section between dark pion and nucleon (N)
through the exchange of χ1, χ2 and χ3 is given by
σpi−NSI =
µ2piNm
2
Nf
2
piM2piv
2
EW
(R11gχ1pipi
Mχ21
+
R12gχ2pipi
Mχ22
+
R13gχ3pipi
Mχ23
)2
(25)
where f ∼ 0.3 [44] is the usual nucleonic matrix element and µpiN is the reduced mass of dark
pion and nucleon. We compute the DM-nucleon SI cross-section using MicrOMEGAs. The SI
cross-section of dark pions with the nucleons is plotted in Fig. 2 for pion ∈ [50, 400] GeV.
We next turn to the indirect detection of DM where we primarily look into the gamma
ray signals from the dSphs and monoenergetic spectrum from the galactic centre. The diffused
gamma ray search studied by the combined analysis of Fermi-LAT and MAGIC observations
put limits on the DM scattering scross-section to bb¯, W+W−, τ+τ− and µ+µ−. In our model we
used the upper bound on 〈σv〉bb for annihilation into bb¯. The other channels are not expected
to give stronger constraints. The cross section 〈σv〉bb is given by
〈σv〉bb =
3
4pi
( mb
vEW
)2 ∣∣∣∣ R11gχ1pipis−M2χ1 + iMχ1Γχ1 + R12gχ2pipis−M2χ2 + iMχ2Γχ2 + R13gχ3pipis−M2χ3 + iMχ3Γχ3
∣∣∣∣2
×
(
1− 4m
2
b
s
)3/2
(26)
The dark pion annihilation to γγ and Zγ is important for detection of monochromatic gamma
ray signal from the galactic center. The cross-sections for these processed are loop suppressed
and are given by [45]
〈σv〉γγ/γZ =
8√
s
∣∣∣∣ R11gχ1pipi(s−M2χ1) + iMχ1Γχ1 + R12gχ2pipi(s−M2χ2) + iMχ2Γχ2 + R13gχ3pipi(s−M2χ3) + iMχ3Γχ3
∣∣∣∣2
×Γγγ/γZ(s) (27)
where Γγγ/γZ(s) is computed by replacing the scalar mass square in the Higgs decay rate into
γγ/γZ with s [46, 47, 48]. In the non-relativistic limit we can consider the pions to be almost at
rest (which is a very good approximation) and in this limit s ∼ 4M2pi . The results are consistent
with MicrOMEGAs and cross-sections are shown in Fig. 2. The DM distribution in the dSphs
are parameterized following a Navarro-Frenk-White (NFW) profile [49], whereas for the galactic
DM halo we consider the Einasto [50] profile as it is more restrictive compared to the NFW
profile.
4 Results
The direct detection of dark matter with nucleons imposes a very strong constraint on the SI
scattering cross-section of pions as seen in Fig. 2. This constraint is found to be much stronger
in comparison with the indirect detection constraints. The relevant cross-sections for this case
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Figure 2: (a) The dark pion-nucleon scattering cross-section is shown for dark pion mass in the
range [50−400] GeV for the mixing angles α1 = 0.01 radians α2 = 0.1 radians, α3 = 1.0 radians
and Mχ2 = 500 GeV. The parameters are chosen such that the cross section is close to the SI
direct detection limit. Figs. (b), (c) and (d) show the cross sections for dark pion annihilation
into bb¯, γγ and γZ respectively. We see from these plots that the γ−ray constraints from dSphs
and galactic centre are automatically satisfied and are much weaker than the direct detection
constraints. The peaks appear due to the Breit Wigner resonance of χ1, χ2 and χ3.
are shown in Figs. 2b, 2c and 2d. These have peaks at the Breit-Wigner resonance of χ1, χ2
and χ3, but exactly at the resonance the pion relic density is significantly small and hence the
indirect detection bounds at the resonance become unimportant 2. These bounds are also easily
2We should note that the direct detection and indirect detction constraint can be applied only when the relic
density is∼ 0.118. For situations where Ωh2model < 0.118, one has to introduce the scale factor ξ = Ωh2model/Ωh2CDM
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Figure 3: The upper two plots show the allowed region of the mixing angles around χ1 resonance
and χ2 resonance respectively. In Fig (a) Mpi = 60 GeV and Mχ2 = 500 GeV and in Fig (b)
Mpi = 120 GeV and Mχ2 = 250 GeV satisfying Ωh
2 ≤ 0.118 and collider constraint. The third
mixing angle α3 is shown in the colourbar. In Fig (c) we use the Ωh
2 ≤ 0.118 for α1 = 0.01 rad,
α2 = 0.1 rad and α3 = 1.0 rad showing the resonance effect (colour bar shows the relic density).
Fig (d) is the allowed parameter space for α1 = 0.01 rad, α2 = 0.1 rad and α3 = 1.0 rad which
satisfies Ωh2 ∼ 0.118 and direct and indirect detection constraint.
satisfied in the off-resonant region where the relic density is ∼ 0.118 since the cross-sections
become very small. Hence we find that, once we apply the direct detection constraints on the
for direct detection and ξ2 for indirect detection [51]. In our case we used the direct and indirect detection
constraint only for ξ close to 1.
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DM-nucleon cross-sections the indirect detection constraints are automatically satisfied. We also
see sudden dips in the cross section in Figs. 2b, 2c and 2d for some values of the dark pion mass.
These arise since the coupling factors, such as gχ2pipi, cross zero at these values of the dark pion
mass.
The constraints on the mixing angles (α1, α2 and α3) which satisfy Ωh
2 ≤ 0.118 and collider
constraints are shown in Fig. 3a and 3b, where the colour bar indicates α3. Fig. 3c shows the
parameter space which satisfies Ωh2 ≤ 0.118 for a particular of choice mixing angles, α1 = 0.01
rad, α2 = 0.1 rad and α3 = 1.0 rad. The colour bar shows the relic density. We find that there
are three strips along the resonances arising due to exchange of particles χ1, χ2 and χ3. The
relic density falls sharply when the dark pion is at the resonance of any of the scalars, χ1, χ2
and χ3 (i.e. Mpi ∼ Mχ1,χ2,χ3/2). The red points are the parameters for which the relic density
is close to 0.118. In Fig. 3d we show the allowed parameter space in the Mpi and Mχ2 plane for
α1 = 0.01 rad, α2 = 0.1 rad and α3 = 1.0 rad which satisfies Ωh
2 ∼ 0.118 and direct detection
constraint of XENON1T. We see that a considerable parameter range gets eliminated due to
the direct detection constraints. As mentioned earlier, constraints due to indirect detection are
weaker and get automatically satisfied. In the final allowed parameter space (see Fig. 3d), we
find that a large number of points lie close to the resonance of the three scalar particles. However
we also see considerable parameter space for which Mpi deviates considerably from half the mass
of any one of the scalars.
As mentioned earlier our phenomenological analysis bears some resemblance to the Higgs
portal DM, and a substantial analysis of Higgs portal DM is done before. The simplest yet most
popular DM model of scalar singlet extenison of SM is studied in depth for Ωh2 ≤ 0.118 in Refs.
[52, 51] which rules out a vast region (mDM ≤ 500 GeV) of parameter space because of strong
direct and indirect detection constraints and Higgs invisible decay constraint. As mentioned in
[51], results from XENON1T and LZ [53] might totally exclude the scalar singlet DM model.
However our model naturally has a light dark pion and two more Higgs like scalars. Due to the
presence of these heavier scalars χ2 and χ3 we find that a significant parameter space close to
the resonance of these scalars opens up.
5 Conclusion
We find that the conformal model is able to explain the DM constraints of relic density Ωh2 =
0.1187 ± 0.0017, direct and indirect detection of DM and collider constraints. The model has
three neutral scalars χ1, χ2 and χ3 and we identify χ1 as the observed Higgs boson with mass
125 GeV. The collider constraints impose limits on the mixing angles of the neutral scalars. We
assume the freeze out scenario for obtaining the dark matter relic density. We find that the
observed relic density is obtained for a considerable range of parameter space, some of which
lies close to the resonance of any of the neutral scalars. The upper bound on the SI DM-nucleon
cross section obtained from direct detection experiments, such as, XENON1T, imposes a strong
constraint on the model. The bounds arising due to searches of gamma ray signal from the
galactic center and dSphs are found to be not very stringent and do not impose any additional
constraint on the parameter space. Here we have assumed only a single species of dark fermions
which lead to only a single candidate dark pion. Additional dark fermions and hence dark pions
12
can also be added in our model. This may open up additional regions in the parameter space.
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